Objective and Background: Benign epilepsy of childhood with centrotemporal spikes (BECTS) is the most frequent focal epilepsy in children; however, the pattern of affected memory processes remains controversial. Previous studies in BECTS imply deficits in complex working memory tasks, but not in simple modality-specific tasks. We studied working memory processes in children with BECTS by comparing performance in memory binding tasks of different complexities.
B enign epilepsy of childhood with centrotemporal spikes (BECTS) is the most common childhood focal epileptic syndrome. The usual manifestation is focal sensorimotor seizures during sleep. Children have seizures between the ages of 3 and 13 years; the disorder resolves spontaneously during puberty. For many years, BECTS was defined as a completely benign syndrome that did not cause any cognitive or intellectual deficits (Wirrell, 1998) .
For the past few decades, however, neuropsychological research has shown that BECTS may affect cognitive functions. Neuropsychological studies of BECTS report deficits in visuomotor skills (Ay et al, 2009; D'Alessandro et al, 1990; Danielsson and Petermann, 2009; Giordani et al, 2006; Heijbel and Bohman, 1975; Pinton et al, 2006) , language and reading abilities (Ay et al, 2009; D'Alessandro et al, 1990; Danielsson and Petermann, 2009; Goldberg-Stern et al, 2010; Verrotti et al, 2011) , memory and learning (Croona et al, 1999; Danielsson and Petermann, 2009; Giordani et al, 2006; Northcott et al, 2005 Northcott et al, , 2007 Pinton et al, 2006; Weglage et al, 1997) , and executive functions (Ay et al, 2009; Croona et al, 1999; D'Alessandro et al, 1990; Giordani et al, 2006; Pinton et al, 2006) .
Studies of memory functions in children with BECTS report conflicting results. While some studies have not found memory deficits (eg, Ay et al, 2009; D'Alessandro et al, 1990) , several others have reported extensive memory difficulties (eg, Croona et al, 1999; Danielsson and Petermann, 2009; Northcott et al, 2007) . Furthermore, some researchers have argued that verbal and spatial memory processes are equally affected in BECTS (Danielsson and Petermann, 2009; Northcott et al, 2007) , while others have found only verbal (Croona et al, 1999) or visuospatial memory difficulties (Giordani et al, 2006) .
In our view, it is possible to find convergence in these results by narrowing the focus to working memory functions in BECTS. The majority of studies have not found memory deficits in simple tasks such as the digit span test (Ay et al, 2009; Croona et al, 1999; D'Alessandro et al, 1990) or the block span test (Croona et al, 1999; D'Alessandro et al, 1990; Goldberg-Stern, 2010) . Several studies have reported difficulties in more complex working memory tasks such as the sentence memory task (Danielsson and Petermann, 2009) or a picture location task (Weglage et al, 1997) . These results suggest that task complexity, rather than task specificity, determines working memory performance in children with BECTS. In the framework of Baddeley's modified working memory model (eg, Baddeley, 2009 ), children with BECTS might have deficits in complex working memory tasks that make heightened demands on the central executive system, but not in simple tasks relying only on the two slave subsystems (the phonological loop and the visuospatial sketchpad).
Taken together, these findings suggest that cognitive performance by children with BECTS is more vulnerable in complex tasks that require them to organize information in working memory than in tasks requiring them only to maintain items in memory.
In the present study, our aim was to investigate working memory functions systematically in simple and complex tasks in BECTS by comparing performances across single and multiple memory binding tasks.
We based our investigation on our previous study (Ka´rpa´ti et al, 2013) , in which we had assessed the development of spatio-temporal memory in healthy children aged 6 to 10 years and in young adults. For that study we had created a computerized method to assess working memory performance in simple and complex binding tasks:
The single-binding tasks measured spatial-static memory span (what and where), verbal order memory span (what and when), and spatial-dynamic memory span (where and when). The combined-binding task assessed performance in multiple binding of what, where, and when, involving the integration of verbal as well as spatial and temporal information.
In that study, we found a lower memory span in the combined-binding task than in the single-binding tasks for our participants of all ages. This finding implies that the multiple binding of what, where, and when is an effortful process that may rely on conscious attention, while single-binding processes might be more automatic.
Based on these results, we concluded that our method of presenting single-and combined-binding tasks would be suitable for assessing simple and complex working memory functions in children with BECTS. We did not expect to uncover memory deficits in single-binding tasks; however, we did expect impaired memory performance in the combined working memory task that required the simultaneous integration of multiple pieces of information held in memory. The present study compared our expectations in children with BECTS and healthy controls.
METHODS

Participants
A total of 34 children participated in the study: 17 children (6 girls and 11 boys) aged 6 to 13 years with BECTS (mean age = 9.02 years; standard deviation = 2.49) and 17 healthy children (mean age = 9.22 years; standard deviation = 2.48) matched as closely as possible for age, sex, and intelligence quotient.
We recruited the children with BECTS from St John Hospital and North-Buda Unified Hospitals in Budapest, Hungary. Neuropediatricians at the hospital had diagnosed the children based on the International League Against Epilepsy classification:
Clinical manifestations: unilateral sensorimotor seizures in the facial and hand areas, with possible secondary generalized tonic-clonic seizures. Electroencephalographic features: high-voltage sharp and slow wave complexes in the centrotemporal areas of the brain, most prominently manifested during sleep.
Of the 17 children with BECTS, 13 had suffered their first seizure between 3 and 6 years of age (early onset), and the other four between 7 and 13 years (late onset). Centrotemporal spikes were unilateral in nine children (five had right and four had left focus) and bilateral in eight children. Thirteen of the children were being treated with antiepileptic drugs such as sultiame (also called sulthiame; sold outside the US as Ospolot, s made by Desitin, Hamburg-Fuhlsbu¨ttel, Germany; never registered in the United States) or levetiracetam (Keppra, made by UCB Pharmaceuticals, Smyrna, Georgia).
We recruited the control group from an elementary school in the same district of Budapest as the hospital. We excluded children with a history of a neurologic or psychiatric disorder.
The study was approved by the Ethics Committee of the Hungarian Psychological Association. All parents gave written informed consent before their child took part in the study.
Experimental (Binding) Tasks
For our four computerized binding tasks, we modified the original method of Postma et al (2006) . We selected pictures such as a dog, key, and flower from the International Picture Naming Project norm (Bates et al, 2003; Sze´kely et al, 2004) .
Participants performed the tasks on a 19-inch Samsung E1920NR computer monitor (Samsung Electronics, Seoul, South Korea). We developed the tasks in Presentation Version 14.9 software (Neurobehavioral Systems, Berkeley, California). Images appeared about 3 Â 3 cm in black print on a gray background. Participants indicated their responses with a computer mouse. If younger children did not know how to read or use a computer, they responded by pointing at the answer and the experimenter handled the mouse for them.
Below we describe the four experimental tasks. Figure 1 illustrates the presentation and recall phases of each task. Table 1 explains the tasks and lists the instructions that we gave to the participants for each.
Spatial-Static Task (What and Where)
In this task, randomly selected pictures of objects appear simultaneously in various locations on the screen and disappear after 5000 msec. Immediately after the objects disappear, they reappear but are all aligned at the top of the screen, and undifferentiated black dots mark their original positions around the screen. The participant has to relocate the objects to their original positions.
Verbal Order Task (What and When)
Randomly selected pictures of objects appear one at a time in the center of the screen. Each item appears for 1500 msec. Immediately after the last object disappears, all of the objects reappear at the top of the screen. The participant has to put the objects into a box in the center of the screen in the same sequence in which they had first appeared.
Spatial-Dynamic Task (Where and When)
Randomly selected pictures of objects appear one at a time in various locations on the screen. Each item appears for 1500 msec. Immediately after the last picture disappears, undifferentiated black dots appear simultaneously in the positions where the objects had been. The participant has to click on the dots in the sequence in which the objects had first been presented.
Combined Task (What, Where, and When)
As in the spatial-dynamic task, randomly selected pictures of objects appear one at a time in various locations on the screen. Each item appears for 1500 msec. Immediately after the last object disappears, all the pictures reappear at the top of the screen and black dots mark their original positions around the screen. The participant has to click on the objects in sequence and place them in their original positions.
Control Task
Before and after we gave the experimental tasks, we gave a control task to measure participants' fatigue during the main tasks. In this task, black dots appear one at a time in various locations on the screen. Each dot appears for 1500 msec. Just after the last dot disappears, all the dots reappear simultaneously in their original positions. The participant has to click on the dots in the sequence that they had first been presented. Task instructions are listed in Table 1 .
Intellectual and Memory Skills Tests
Children's Memory Scale
The Children's Memory Scale (Cohen, 1997) is an assessment of verbal and visual learning and memory for children and adolescents aged 5 to 16 years. We used three of the nine subtests as control tasks for visuospatial short-term memory. The Dot Locations subtest is a spatial learning task, the Picture Locations subtest assesses recall of the locations of homogeneous objects, and the Family Pictures subtest measures memory performance for spatial scenes.
Verbal Intellectual Abilities
We gave verbal subtests of the Wechsler Intelligence Scale for Children s -Fourth Edition (WISC s -IV) (Wechsler, 2003) , adapted on a Hungarian sample by Nagyne´Re´z et al (2008) . We estimated the verbal intelligence quotient from the Similarities, Vocabulary, and Comprehension subtests.
Nonverbal Intellectual Abilities
We gave Raven Progressive Matrices for estimating nonverbal intellectual abilities. Children younger than 11 years old completed the Coloured Progressive Matrices (Raven et al, 1990) , and those 11 or older completed the Standard Progressive Matrices (Raven et al, 1996) .
Procedure
All of the children attended two experimental sessions on two different days within a period of two weeks. During the first session, they completed the computerized memory binding tasks and during the second they did the standardized tasks (Children's Memory Scale, WISC s -IV, and Raven). All sessions for the BECTS group took place in a small, quiet room at the hospital. The children in the control group were tested at their school. Each session lasted around 1 hour.
Session 1: Experimental Tasks
All participants took the computerized binding tasks in the same order (spatial-static, verbal order, spatial-dynamic, combined) because of the successive building of the task demands. At the beginning and end of the session, we gave the control task to assess how much the child had become fatigued during the session.
Before each task, the examiner gave the participant oral instructions about how to do the task (Table 1) . Participants completed two practice trials to ensure that they understood the instructions. For the first trial of each task, we presented pictures of two objects on the computer screen. With each trial, we lengthened the sequence by one object, and continued up to a maximum of 10.
At the beginning of each trial, a countdown directed the child's attention to the screen. The trials had no time limit. At the end of each trial, the participant had to click on a box labeled "finished" in order to start the next trial. To signal the end of the tasks, we displayed a colored picture with stars and the moon onscreen.
Session 2: Intellectual and Memory Skills Tests
During the second session, the participants completed the Children's Memory Scale and the intelligence tests (WISC s -IV and Raven Progressive Matrices). To keep the children's attention, we alternated the verbal and visual tasks: Children's Memory Scale Dot Locations, WISC Similarities, Children's Memory Scale Family Pictures, WISC Vocabulary, Children's Memory Scale Picture Locations, WISC Comprehension, and Raven test. Before each task, the examiner explained it to the FIGURE 1. Presentation and recall phases of the memory binding tasks. Each of the eight boxes shows a full-screen computer display. In these examples, we show five pictures of objects: a ladder, octopus, whale, snail, and strawberry. For each task in the study, the first trial presented two objects and we added one object during each succeeding trial, up to a maximum of 10. The numbers shown in some panels did not appear in the actual tasks; we include them here just to illustrate the sequence in which the pictures appeared. participant orally. At the end of the session, the examiner thanked the child for participating in the study.
Data Analysis
We analyzed the data based on the children's scores on the standardized tasks and their memory span score on the four memory binding tasks. We defined memory span as the highest level that a participant had completed with no more than three errors. Before comparing the groups, we checked the distribution of the data and the homogeneity of variances. Because the data were not normally distributed within the groups, we performed Mann-Whitney U tests. We set statistical significance at P < 0.05. We estimated effect size indicators using r = z/ON (Rosenthal and DiMatteo, 2001) .
RESULTS
The children with BECTS and the control group did not differ in Children's Memory Scale subtests, verbal intelligence quotient (WISC s -IV), or Raven Progressive Matrices scores (Table 2 ). Table 3 and Figure 2 , we found no differences between the children with BECTS and the controls in three of the four computerized binding tasks (spatial-static, verbal order, and spatial-dynamic). However, the BECTS group performed significantly worse on the combined task (z = À 2.13; P < 0.05).
As shown in
Finally, we found no differences on the control tasks, implying that fatigue did not cause the BECTS group's weak performance on the combined task.
DISCUSSION
Our aim was to study systematically the working memory functions of children with BECTS. To explore their memory integration processes, we gave them binding tasks with different levels of complexity. Through these tasks we examined their spatial and verbal memory components separately and jointly. The single-binding tasks measured spatial-static memory span (what and where), verbal order memory span (what and when), and spatial-dynamic memory span (where and when). The Spoken Instructions Spatial-static task Spatial presentation of distinct pictures Spatial recall of the pictures "In this test, pictures will appear on the screen. The number of pictures will increase with each trial. Try to remember the location of each of the pictures. After the presentation, you will have to put them back where they started. You will have some practice trials at the beginning."
Verbal order task Temporal presentation of distinct pictures Recall by putting the pictures into a box in center of screen "In this test, pictures will appear on the screen. The number of pictures will increase with each trial. Try to remember the order of the pictures. After the presentation, you will have to put them into a box in the same order as they were first shown. You will have some practice trials at the beginning."
Spatial-dynamic task Spatio-temporal presentation of distinct pictures Spatio-temporal recall of undifferentiated dots "In this test, pictures will appear on the screen. The number of pictures will increase with each trial. Try to remember the order that the pictures appeared. After the presentation, you will see black dots where the pictures had been.
You will have to click on the dots in the same order as the pictures were first shown. You will have some practice trials at the beginning."
Combined task
Spatio-temporal presentation of distinct pictures Spatio-temporal recall of the pictures "In this test, pictures will appear on the screen. The number of pictures will increase with each trial. Try to remember both the order and the locations of the pictures. After the presentation, you will see black dots where the pictures had been.
You will have to put each picture back in the same order and the same place where it was first shown. You will have some practice trials at the beginning."
Control task
Spatio-temporal presentation of undifferentiated dots Spatio-temporal recall of the dots combined-modality task assessed their performance in multiple binding of what, where, and when. Based on our recent findings with healthy children and young adults (Ka´rpa´ti et al, 2013) , we found this method suitable for assessing automatic and conscious integration processes in children's memory.
We found that the children with BECTS had no deficits in intellectual abilities on the WISC s -IV and Raven Progressive Matrices, a finding consistent with the majority of previous studies (eg, Croona et al, 1999; Danielsson and Petermann, 2009 ). Neither did the BECTS group differ from the controls in the visuospatial subtest of the Children's Memory Scale. Thus, it seems that children with BECTS have no impairments in basic visuospatial learning and memory functions.
We found that our children with BECTS had no deficit in recalling the locations of distinct pictures (binding of what and where), remembering the verbal order of pictures (binding of what and when), or maintaining the spatial sequential order of homogeneous items (black dots) (binding of where and when). Thus, it seems that the epileptic syndrome does not impair performance on tasks with a single binding.
We also investigated multiple binding processes. Our children with BECTS had lower scores than the controls on the verbal-spatial combined task. The fact that we did not find lower scores for the spatial-dynamic task, for which participants had to integrate only spatial and sequential information, implies that the problem is not the integration of spatial and temporal information, but rather the binding between spatial and verbal modalities. More precisely, it seems that the integration of spatial sequential and verbal order information is a vulnerable process in children with BECTS.
In sum, we found that single-binding processes within verbal (what and when) or spatial (where and when) modalities and between verbal and spatial-static (what and where) modalities were not impaired in BECTS. In agreement with previous studies that gave digit span or block span tests to children with BECTS (eg, Croona Raven et al, 1990 Raven et al, , 1996 Cohen, 1997 . BECTS = benign epilepsy of childhood with centrotemporal spikes. et al, 1999; D'Alessandro et al, 1990) , we confirmed that our BECTS group had no deficits in maintaining verbal or spatial information. Furthermore, we found that the children with BECTS had no difficulties in single binding of verbal and spatial-static information (what and where), while they showed impairment in multiple binding of spatial, verbal, and temporal information. These children's impairment in the combined working memory task implies high-level cognitive deficits. In our 2013 study, we reported that in healthy children, the integration of visuospatial and verbal information required higher-level function of working memory processes than did maintaining unimodal information (Ka´rpa´ti et al, 2013) . In line with this result, Opitz (2010) argued that high-level binding processes are related not only to the medio-temporal lobe, but also to the prefrontal cortical areas. Velik (2009) also distinguished two separate binding forms: one mediated by attention and the other able to function without attention. Finally, some studies have shown that greater complexity of task demands such as contextual integration elicited greater involvement of the frontal regions (eg, Simons et al, 2005; Stuss, 2006) . All of these results suggest that high-level integration processes in working memory may be associated with greater frontal lobe functioning than are automatic binding processes.
The combined task that we gave in the present study demands complex cognitive functions such as divided attention and merging information from several sources. These demands may explain the possible attentional and executive function deficit behind the working memory weakness in children with BECTS. Cerminara et al (2010) investigated how children with BECTS performed on tests in the framework of the multicomponent model of attention, and found deficits in both of the main components of attention (selectivity and intensity).
Several studies have confirmed executive function deficits in children with BECTS (eg, Ay et al, 2009; Croona et al, 1999; D'Alessandro et al, 1990; Giordani et al, 2006; Pinton et al, 2006) . Praline et al (2003) argued that focal epileptic activity disturbs the maturation of cortical zones, mainly in the associative areas. Kanemura and Aihara (2009) and Kanemura et al (2011) have shown frontal lobe disturbances in children with serious BECTS. It seems, then, that even though the epileptic spikes are related to the centrotemporal area of the brain, the syndrome might also affect the prefrontal lobe.
Beyond possible frontal lobe involvement, children with BECTS are known to have frequent interictal epileptic spikes that do not cause symptoms. Several studies have shown that higher frequency of these interictal spikes in BECTS is related to lower cognitive performance (eg, Ebus et al, 2012; Riva et al, 2007) . Moreover, Wolff et al (2005) found that focal interictal spikes may interfere with high-level cognitive functions in BECTS. Finally, Binnie et al (1987) reported that increasing task difficulty may provoke a higher interictal spike rate in children with BECTS; the authors argued that their findings indicated a complex interaction between interictal spikes and cognitive performance. In view of these results, future BECTS research should address the possible relations between interictal spike frequency and high-level binding functions.
In this study we demonstrated that children with BECTS have difficulties performing memory tasks that involve cognitive effort. We suggest that the inherent frontal lobe functions required by complex working memory tasks might explain the controversial results of previous studies of working memory function in BECTS. Our results imply no specific memory dysfunctions; rather, the difficulties that children with BECTS experience lie in the conscious organization of information within working memory. In light of these results, further studies should examine the special role of executive functions in the memory performance of children with BECTS.
